The possibility of using agglutination procedures to identify Candida species has been explored extensively by several investigators (9, 12, 13, 14) . In a comprehensive study, Tsuchiya et al. (14) carried out antigenic analyses on members of the genus and reported the successful production and application of monospecific agglutinins. They recommended the use of these reagents in a slide agglutination test for the rapid identification of Candida species.
However, neither the agglutination test of Tsuchiya et al. nor any other serological procedure for identification of the Candida species has been adopted for routine use in the diagnostic laboratory. This may be attributed in part to the fact that many laboratories are not aware of the importance of identifying Candida species other than C. albicans. Also difficulties have been encountered in the production of monospecific serological reagents (12) . This problem has been partially explained by the discovery of two serotypes of C. albicans that are not only antigenically closely related to each other but also to other Candida species (4, 7) .
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RESULTS
Serological response in rabbits. Homologous and heterologous agglutinin titers of the unadsorbed antisera produced against each of the seven species of Candida were determined. Homologous titers of 1:1,024 to 1 :2,048 were consistently obtained. However, no antiserum was monospecific, and the homologous titers were not significantly higher than those obtained with the heterologous antigens. Consequently, it was necessary to use adsorption procedures to render the antisera specific for the antigen-antibody reactions desired.
Adsorption patterns. Cross-adsorption of all of the Candida sera indicated that at least 13 different agglutination patterns were demonstrable.
The 13 patterns of reaction and the combinations of antisera and adsorbing antigens responsible for them are listed in Table 1 . Each of these distinct serum reactions was arbitrarily assigned a number. Antisera demonstrating each of the patterns were identified with each of these reaction pattern numbers and referred to as factor sera. By using these data, antigenic relations among the Candida species studied were determined and the scheme shown in Table 2 was established. It is evident from the data presented that species-specific antibody could be produced against C. guilliermondii, C. krusei, C. parapsilosis, and C. pseudotropicalis. Specific antibodies could not be produced for C. albicans, C. stellatoidea, or C. tropicalis. However, these three species could be differentiated from the other Candida species.
Dependability of reagents. The 13 factor sera were stable for more than 1 year when stored at 4 C or at -20 C. Reproducibility, sensitivity, and specificity were determined by repeatedly testing each factor serum in blind runs against 112 wellidentified isolates of the seven species of Candida. These isolates are listed in Table 4 . Reproducibility was a measure of the capacity of each reagent to perform in an identical manner when tested repeatedly against the same antigen. Sensitivity was a measure of the capacity of the reagents to detect an antigen when present, and specificity was the measure of its failure to react with heterologous antigens.
The data in Table 3 reveal that factor sera 1 through 7 were highly reproducible and demonstrated sensitivities and specificities that were greater than 90%. The remaining factor sera were unsatisfactory reagents, because of poor reproducibility (factor serum 12), poor sensitivity (factor sera 8, 9, and 12), or poor specificity (factor sera 10, 11, and 13). It is apparent (Fig. 1 ) that the most reliable reagents (factor sera 2 through 7) enabled identification of C. guilliermondii, C. krusei, C. parapsilosis, and C. pseudotropicalis. The remaining three species could be placed into two groups: (i) C. albicans A-C. tropicalis and (ii) C. albicans B-C. stellatoidea. Serological differentiation of these four fungi was not possible; therefore, two morphological tests were used in conjunction with the serological tests. C. albicans A can be differentiated from C. tropicalis by the ability of the former to produce germ tubes in serum (8) . C. stellatoidea can be differentiated from C. albicans B by the ability of the former to produce extensive true mycelium when tested by the method of Kamaya (6) .
The 112 Candida isolates used to evaluate the factor sera were coded and subjected to analysis by the scheme shown in Fig. 1 . All of these fungi were accurately identified by using factor sera 1  322  100  99  98  2  440  100  98  98  3  380  99  96  97  4  377  98  98  91  5  244  100  97  97  6  119  100  97  94  7  102  100  100  94  8  130  91  57  98  9  105  93  54  100  10  229  96  93  51  11  91  98  92  70  12  72  78  43  94  13  136  97  91  70 and the two morphological tests, except 1 of the 15 isolates of C. parapsilosis ( Section, National Communicable Disease Center, for identification were tested in parallel by routine methods and by the slide agglutination-morphology test scheme described above. In all cases, the true identity of each isolate was based upon the results obtained by the diagnostic laboratory. All cultures were first inoculated onto corn meal-agar (without added dextrose) to determine their ability to produce pseudomycelium. The pseudomycelium-producing cultures were then subjected to analysis with the factor sera and, if necessary, examined by the serum-germ tube test and the Kamaya test.
Pseudomycelium-producing yeasts that agglutinated in the antisera were always Candida species (Table 5) . When serological and morphological criteria were used, 96% of the unknowns were correctly identified if they were medically important Candida species, or properly eliminated from consideration if they were not. One uncommonly encountered species of Candida, C. natalensis, was misidentified as C. tropicalis by the serological procedure. All unknowns, but the two C. albicans B isolates, were processed within 3 hr of receipt. Identification of the C. albicans B isolates required 24 hr because of the need of morphological characterization by the Kamaya test.
Production of factor sera. The recommended factor sera could be produced by a number of different combinations of antisera and adsorbing cells. The most effective methods for producing diagnostically useful factor sera are shown in Table 6 . Four antisera and five adsorbing strains were used to produce all of the reagents necessary for the proper identification of the medically important Candida species.
DISCUSSION
Our study, in accord with others (5, 10, 11, 13) , revealed a strong degree of antigenic unity among the various species of Candida. Nevertheless, distinct antigens for C. guilliermondii, C. krusei, C. parapsilosis, and C. pseudotropicalis were recognized, and specific antibodies to them were prepared by use of appropriate adsorbing procedures (Table 1 ). In addition, nine other factor sera were prepared against antigens that are shared by two or more of the species studied. The production and reactivity of these reagents agree essentially with the findings of Tsuchiya et al. (14) . However, we made no attempt to delineate reactions as to the involvement of heat-labile or heat-stable antigens, and, consequently, our coding is not the same as theirs.
The data revealed that all four of the mono- (Table 3 ), but two factor sera (8 and 9), the C. parapsilosis and C. guilliermondii sera, respectively, had low sensitivities and could not be used in a diagnostic scheme. Of the remaining nine factor sera, four were not useful because of poor specificity (factor sera 10, 11, and 13) and poor sensitivity and reproducibility (factor serum 12). Because factor serum 1 did not lead to any separation among the species, it was not useful in an identification scheme. Therefore, only six factor sera could be useful to identify the seven medically important Candida species. Contrary to the results of Tsuchiya et al. (14) and Murray and Buckley (9) , neither monospecific nor other antibody reagents could be produced to differentiate C. albicans from C. tropicalis and C. stellatoidea. Qualitative differences among these fungi were suggested by adsorption studies (Table 1 , factor sera 10 and 13); however, further investigation with large numbers of isolates did not substantiate this and indicated that the differences were merely quantitative ( Table   3 ).
The inability to differentiate the three important species, C. albicans, C. stellatoidea, and C. tropicalis, with serological reagents is a distinct disadvantage. This inability, however, in no way detracts from the value of the reagents that have been produced. Several physiological and morphological tests can be used in conjunction with serological procedures to delineate the antigenically indistinguishable groups; the serum-germ tube and the Kamaya tests, which are simple and rapid procedures, were found to be effective. Each of these tests functioned with 100% accuracy in this study (Table 4) .
The antigenic closeness of many heterologous yeasts and yeastlike fungi is sufficiently established, so that the agglutination of Torulopsis isolates in selected factor sera was not surprising (3) . This problem, however, was easily resolved by the use of corn meal-agar, which permitted the selection of only the pseudomycelium-producing yeastlike fungi for subsequent serological testing. Some isolates of Candida, such as C. guilliermondii, are slow to produce pseudomycelium. Therefore, corn meal-agar cultures must be incubated for at least 3 days before a fungus is considered not to be a Candida species and not to require serological testing because of the failure to produce pseudomycelium. Pseudomycelium-producers that were not Candida species (Endomycopsis species and Trichosporon species) presented no problem, because they were negative in the serological scheme.
Medically unimportant Candida species are occasionally recovered from clinical material and can present a diagnostic problem. These fungi produce pseudomycelium, and our data indicate that they would be selected from corn meal-agar plates for serological testing. Approximately 50 % of these nonpathogenic Candida species are reactive with one or more of the selected factor sera. However, these saprophytic Candida species constitute less than 1% of all yeastlike fungi found in clinical material (2) , and, because accuracy with the factor sera is comparable to that with conventional procedures (96%, Table 5 ), we do not consider the problem a formidable one. We recommend that serological reagents be applied to unknown pure cultures of yeastlike organisms immediately after their receipt in the laboratory or after the isolation and selection of a pure yeastlike culture from clinical material. A corn meal-agar plate should be simultaneously inoculated. The interpretation of results of positive agglutinations must await evidence from the corn meal-agar culture that the fungus is a pseudomycelium producer. Fermentation and assimilation tests need not be carried out if the serological and morphological procedures demonstrate that an isolate is one of the medically important species of Candida.
